Abstract Since the recognition of the name Frankia in the Approved Lists of bacterial names (1980), few amendments have been given to the genus description. Successive editions of Bergey's Manual of Systematics of Archaea and Bacteria have broadly conflicting suprageneric treatments of the genus without any advances for subgeneric classification. This review focuses on recent results from taxongenomics and phenoarray approaches to the positioning and the structuring of the genus Frankia. Based on phylogenomic analyses, Frankia should be considered the single member of the family Frankiaceae within the monophyletic order, Frankiales. A polyphasic strategy incorporating genome to genome data and omniLog Ò phenoarrays, together with classical approaches, has allowed the designation and an amended description of a type strain of the type species Frankia alni, and the recognition of at least 10 novel species covering symbiotic and non symbiotic taxa within the genus. Genome to phenome data will be shortly incorporated in the scheme for proposing novel species including those recalcitrant to isolation in axenic culture.
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In the last edition of the Bergey's Manual of Systematic Bacteriology, Frankia Brunchorst 1886, 174 AL (resurrected by Becking 1970; Skerman et al. 1980; Lechevalier and Lechevalier 1989) was treated as the sole genus found in the family Frankiaceae, Becking 1970, 201 AL (amended Hahn et al. 1989, 241; amended Normand, et al. 1996 , 8, amended Stackebrandt et al. 1997 and within the order Frankiales (Normand and Benson 2015) . This polyphyletic assemblage was created by elevation of the suborder Frankineae Stackebrandt et al. 1997 (amended Zhi et al. 2009 ) that was slightly supported by 16S rRNA gene sequences. The genus description (Normand and Benson 2015) was consistent with that first provided in the Bergey's Manual of Systematic Bacteriology volume 4 by Lechevalier and Lechevalier (1989) . As well as the 16S rRNA gene sequencebased phylogeny of the genus Frankia (Normand et al. 1996) , multi-locus sequence analysis (MLSA) (Gtari et al. 2015) and core genome phylogenies, and several DNA:DNA relatedness studies (Akimov and Dobritsa 1992; Akimov et al. 1991; Fernandez et al. 1989; Lumini et al. 1996) , were found to marginally overlap with phenotypic-based grouping such as morphology, chemotaxonomic properties (Lechevalier 1994) , host specificity (Baker 1987) , mode of infection (Berry and Sunell 1990) and physiological traits (Dobritsa 1998; Lechevalier 1994) . Even so, the heterogeneity of the genus Frankia has been clearly demonstrated. However, because of the limited number and variability of sets of strains, these groupings have not moved forward toward species delineation ). The only approved species name, before 2016, was that of Frankia alni (Woronin 1866) Von Tubeuf 1895 (Skerman et al. 1980) , designated one century before based on the description of an uncultivable symbiont in the root of alder.
From 2016 onwards, both the availability of many Frankia genomes ) covering most of the diversity observed to date , and the incorporation of taxongenomics and phenoarray approaches, have helped to advance long-expected species definitions according to conventional nomenclature. Because of the genome sequence database, genome-to-genome alignments are possible and allow phylogenomic analyses, digital calculation of wholegenome average nucleotide identity (ANI; Konstantinidis and Tiedje 2005) and of digital DNA:DNA hybridization (dDDH) values (Auch et al. 2010) . The threshold for 16S rRNA gene similarity to delineate an actinobacterial species was also revised in light of taxongenomics (Meier-Kolthoff et al. 2013 ). Thus, a threshold of 99.0% (with a maximum probability of error of 1.0%; Meier-Kolthoff et al. 2013 ) for 16S rRNA sequence similarities and DDH values above the 70% cut-off point are recommended to delineate a prokaryotic species (Wayne et al. 1987) . Moreover, classical and time-consuming bacteriological techniques for polyphasic taxonomy have been revolutionised. The omniLog Ò phenotype microarray allows the assessment of cultural and physiological properties of cells based on their ability to reduce an indicator dye rather than an estimation of growth (Miller and Rhoden 1991) . A polyphasic strategy, which incorporates these two approaches, together with chemotaxonomy and host specificity, has allowed speciation of the genus Frankia. Frankia Brunchorst, 1886, 174 AL is the type genus that represents the currently monogeneric family Frankiaceae (Becking 1970) which is the only member of the order Frankiales as amended by Sen et al. (2014) . Based on phylogenomic treeing using 54 concatenated conserved proteins retrieved from genomes of 35 families and 17 orders of the class Actinobacteria, permitted to restructure the order Frankiales as monophyletic assemblage to only contain Frankiaceae as type family (Sen et al. 2014) . The other previously incorporated taxa were reclassified into three new orders Geodermatophilales (type family Geodermatophilaceae), Acidothermales (type family Acidothermaceae) and Nakamurellales (type family Nakamurellaceae). This analysis was recently supported by the extensive phylum level phylogenomic study of Nououi et al. (2018d) .
The genus Frankia encompasses a heterogeneous assemblage of actinobacteria that may be asymbiotic or facultative symbiotic of taxonomically disparate host plant species named actinorhizal plants ( Lechevalier 1994) . These associations result in plant root structures, designated nodules or actinorhiza. The actinobacteria are housed and fed inside the nodules, where they fix nitrogen and make it accessible to the host plant (Fig. 1) . After the successful isolation of Frankia strains from 1978 onwards (Callaham et al. 1978) , microsymbionts of several actinorhizal plants have been readily isolated in axenic condition (Lechevalier and Lechevalier 1990 ) and a few strains have been directly isolated from soil without passing through a plant trapping assay and following a complex protocol (Baker and O'Keefe 1984) . Indeed, virtually all Frankia strains appear to be cultivable under appropriate axenic conditions including those still considered to be uncultivable or obligate microsymbionts. Genome analysis and physiological bioassays have recently resulted in the isolation of previously recalcitrant strains (Gtari et al. 2015; Gueddou et al. 2018) , opening the possibility of extending this approach to the isolation of other Frankia strains.
Members of the genus Frankia are Gram-positive, aerobic, chemoorganoheterotrophs and may fix dinitrogen in culture and in association with the host plant. Colonies (Fig. 2a) are ovoid or circular with a network of highly branched hyphae that can be compact or diffuse in liquid and solid media. Morphologically, most strains are developmentally complex and are characterised by three morphological cell structures. These are rudimentary to highly branched hyphae (0.3-0.5 lm in diameter), which are the primary vegetative state, that may bear two additional unique developmental structures, sporangia and vesicles, which are found attached to the hyphae either terminally or in an intercalary position (Fig. 2b, c) . Sporangia are multi-locular, ovate to spherical (5-100 lm in diameter), contain non-motile spores and may be abundant for some species.Some can be very large sized (Normand and Lalonde 1982; Normand et al. 2018 ) whereas they may be completely suppressed for other strains (Gtari et al. 2015; Nouioui et al. 2017a; Gueddou et al. 2018) . Vesicles, also called diazovesicles, walled swollen cells (0.6-2.0 lm diameter), are unique hopanoid-enveloped cellular structures (0.6-2.0 lm diameter) that provide a barrier to oxygen diffusion for nitrogenase activity (Berry et al. 1993) . Vesicles, are formed inside the plant cells of the nodule or in culture under aerobic conditions of low nitrogen availability. Their shape is strain-dependent and host plant-influenced. They may be present for some strains of Frankia cluster 3 (see below) in the presence of a fixed nitrogen source (Tisa and Ensign 1987) or totally absent in some asymbiotic strains Gueddou et al. 2017; Nouioui et al. 2017b Nouioui et al. , 2018b .
Current chemotaxonomy is in good agreement with previously reports (for a review see Lechevalier 1994) . The cell wall composition of members of the genus Frankia is of type III, i.e. containing meso-diaminopimelic acid, alanine, glucosamine, glutamic acid and muramic acid (Lechevalier et al. 1982; Lechevalier and Lechevalier 1990; Nouioui et al. 2016a) . Glucose, galactose, mannose and ribose, with other species-specific sugars, are present in whole organism hydrolysates (Lechevalier and Lechevalier 1979; Lechevalier et al. 1983; Lechevalier and Ruan 1984; Nouioui et al. 2016a , b, c, Normand et al. 2018 . Their phospholipid pattern is PI, consisting of phosphatidylinositol (PI), phosphatidylglycerol (PG) and diphosphatidylglycerol (DPG) (Lechevalier et al. 1983; Lechevalier and Lechevalier 1979; Nouioui et al. 2016a , b, c, Normand et al. 2018 . Fatty acids present in members of the genus include iso-C 16:0 and C 17:1 x8c (Simon et al. 1989; Nouioui et al. 2016a, b, c; Normand et al. 2018) , while their menaquinones are predominantly MK-9(H 8 ), MK-9(H 4 ) and MK-9(H 6 ) (Lechevalier 1994; Nouioui et al. 2016a , b, c, Normand et al. 2018 . Frankia genome sizes range from 4.9 to 11.2 Mb with 67.6 to 72.8% GC content Nouioui et al. 2016a , b, c, Normand et al. 2018 ).
The two physiological groups A and B previously proposed (for a review see Lechevalier 1994 ) have been recovered with recent cultural and metabolic peculiarities as revealed by omniLog Ò microarray (Nouioui et al. 2016a, b, c) . Group A strains lack one or more morphological and/or symbiotic features (asymbiotic), are relatively fast growing and metabolically diverse with an array of hydrolytic activities and use a range of carbon sources. Group B species fulfill Koch's postulates and are able to effectively re-infect their original host and/other actinorhizal plants (symbiotic), are slow-growing and physiologically more restricted than those of group A.
Molecular methods have been extensively used to characterise both cultured and also uncultured strains in root nodules and soil (Hahn et al. 1999 ) and have greatly helped our understanding of the diversity of the genus. Molecular phylogeny consistently identifies three clusters among symbiotic strains and one cluster of asymbiotic strains (Ghodhbane- Gtari et al. 2010; Gtari et al. 2004 Gtari et al. , 2015 Normand et al. 1996; Nouioui et al. 2011; Tisa et al. 2016) (Fig. 3) . Cluster 1 includes strains the efficiently infect Alnus, Casuarinaceae (except Gymnostoma) and Myricaceae. Cluster 2 includes strains that efficiently infect Coriariaceae, Datiscaceae, Dryadoideae and Ceanothus. Strains belonging to cluster 3 effectively nodulate Colletieae, Elaeagnaceae, Gymnostoma and Myricaceae species. The fourth cluster groups asymbiotic actinorhizal isolates, which lack one or more morphological and/or symbiotic characters.
At present, more than 10 species with effective and/ or validly published names have been proposed within the genus Frankia (Table 1) including the facultative symbiotic species Franka alni, Frankia torreyi (cluster 1a), Frankia canadensis (cluster 1b) and Frankia casuarinae (cluster 1c), Frankia coriariae of cluster 2, and Frankia elaeagni, Frankia discariae and Frankia irregularis in cluster 3; along with the asymbiotic species Frankia inefficax, Frankia asymbiotica and Frankia saprophytica in cluster 4. Cultures of type strains have been made available in public culture collections for taxonomic and applied purposes, primarily in the DSMZ -German collection of microorganisms and cell cultures, and in the CECT Spanish type culture collection. Frankia species are listed below according to their phylogenetic clustering (Fig. 3 ).
Type species Frankia alni (Woronin 1866) Von Tubeuf (1895) amended Nouioui et al. (2016a) The species name refers to the alder plant. The original description in roots of alder occurred well before the ability to isolate cultivated strains of the genus. F. alni is a diazotrophic actinobacterium forming three types of cell structures: substrate hyphae, multilocular sporangia and vesicles. Grows optimally at 28°C and from pH 6.3-6.8. It is able to metabolise Dfructose 6-phosphate, D-glucose 6-phosphate, fusidic acid, malic acid and methyl pyruvate and grows in the presence of guanidine hydrochloride, lithium chloride, potassium tellurite, propionate, sodium bromate, 1% sodium lactate and Tween 40. The type strain is resistant to lincomycin, minocycline, vancomycin and nalidixic acid and up to 5 mM biphenyl and polychlorinated biphenyl. The whole cell sugars are galactose, glucose, mannose, rhamnose, ribose and xylose. The predominant menaquinone is MK-9(H 8). The major fatty acids are iso-C 16:0 and C 17:1 x8 c, whereas the polar lipids are PI, DPG, three glycophospholipids (GPL1-3), PG and an unidentified lipid (L). The species belongs to phylogenetic cluster 1a (Fig. 3) . The G ? C content of type strain is 72.8 mol% and its total genome size is 7.50 Mb (Normand et al. 2007) .
The type strain is ACN14a T (= DSM 45986 T = CECT 9034 T ) which was isolated from Alnus viridis ssp. crispa (Tadoussac, Canada; Normand and Lalonde 1982) and is able to infect Alnus and Myricaceae species.
Based on its dDDH (94.3%) and ANI (99.49%) values in comparison with the type strain, strain AvcI1, isolated A. viridis subsp. crispa ) is a member of F. alni. The strain has the same host range, infecting Alnus, Comptonia and Myrica . Its genome size is 7.7 Mbp with a G ? C content of 72.4 mol% (Swanson et al. 2015b ).
Frankia torreyi Nouioui et al. (2018a)
The species was named for John G. Torrey, who worked at Harvard University, MA USA, in recognition of his great contributions to Frankia research including the isolation of the first Frankia strains.
Nitrogen-fixing, with three types of cell structure: substrate hyphae, multilocular sporangia and vesicles. Able to metabolise propionate, a-keto-butyric acid, Dgluconic acid, p-hydroxy-phenylacetic acid, citric acid, bromo-succinic acid and a-keto-glutaric acid.-and the type strain is able to grow in the presence of aztreonam, lincomycin, minocycline, nalidixic acid, troleandomycin and vancomycin. The cell wall contains meso-diaminopimelic acid, galactose, glucose, mannose, rhamnose, ribose and xylose. The polar lipid profile contains PI, DPG, GPL1-3, PG, an aminophospholipid (APL) and unidentified phospholipids (PL1-2) and lipids (L). The predominant menaquinone is MK-9 (H8), while the major fatty acids are composed of iso-C 16:0 and C 17:1 x 8c. The species belongs to phylogenetic cluster 1a (Fig. 3) . The genome size of the type strain is 7.6 Mb and its DNA G ? C content is 72.4%.
The type strain CpI1 T (= DSM 44263 T = CECT 9035 T ) was isolated from the root nodules of Comptonia peregrina (Callaham et al. 1978) and is able to nodulate Alnus, Comptonia and Myrica species.
Based on its dDDH value (94.2%) and ANI score (99.5%) with CpI1 T , strain ACN1ag is a member of F. torreyi. The strain was reported as a re-isolate from root nodules of Alnus glutinosa (Lalonde et al. 1981) inoculated with a strain originally isolated from A. viridis spp. crispa collected from Atikokan, Ontario, Canada ). Its genome is of 7.5 Mbp with a G ? C content of 72.3 mol% (Swanson et al. 2015a) .
Strain CpI-P was reported by Tisa et al. (1983) as a derivative of the original strain CpI1 (Callaham et al. 1978 ). CpI1-P does not use succinate, in contrast to the original isolate, but can use propionate. The genome of the original strain CpI1
T and its derivative CpI-P have 100% similarity of 16S rRNA gene sequences, 99.6% dDDH value and 99.9% ANI score, indicating that they are indeed very closely related and members of the same species.
It is notable that the two genomes (both of 7.6 Mb with G ? C content of 72.3 mol%) reported by Oshone et al. (2016) both contain exactly the same genes (in term of number and sequence similarity = 100%) that are related to propionate and succinate metabolism (results not shown). Cumulatively, Table 1 Phenotyping properties for Frankia species (Nouioui et al. 2016a (Nouioui et al. , b, 2018c Normand et al. 2018) Frankia alni ACN14A (Fig. 3) , together with other genome comparisons (data not shown), indicate that these two isolate represent the same strain.
Frankia canadensis Normand et al. (2018)
The species was named in reference to the country, Canada, from which the type strain was isolated. Nitrogen-fixing actinobacterium forming three cell structures: septate hyphae, vesicles and multilocular sporangia. Optimum growth of the strain was observed after 3-4 weeks of incubation at 28°C in BAP medium. Whole cell hydrolysates are rich in mesodiaminopimelic acid, glucose, mannose, ribose and xylose, with a trace of rhamnose; the polar lipids profile contains PI, DPG and GPL. The predominant menaquinone ([ 25%) is MK-9(H8) and the major fatty acids ([ 30%) consist of iso-C 16:0 and C 17 : 1 x8c. This species belongs to phylogenetic cluster 1b (Fig. 3) . The DNA G ? C content of the type strain is 72.4 mol The type strain ARgP5 T (= DSM 45898 T = CECT 9033 T ) was isolated from an Alnus incana ssp rugosa tree growing on a roadside ditch bank in Quebec city, Province of Quebec, Canada (Normand and Lalonde 1982) and is able to nodulate Alnus and Myricaceae species. The species was named for Casuarina, referring to the source of the isolate. Diazotrophic actinobacterium. Multilocular sporangia are formed either terminally or at intercalary positions on substrate hyphae, while vesicles are formed terminally. Metabolises acetic acid, acetoacetic acid, butyric acid, fusidic acid, bgentiobiose, methyl pyruvate, propionic acid, sodium lactate, a-hydroxybutyric acid, p-hydroxyphenylacetic acid, a-ketobutyric acid, potassium tellurite and Tween 40. A positive reaction is observed in the presence of tetrazolium violet and tetrazolium blue. The type strain is resistant to nalidixic acid, minocycline, vancomycin and to polychlorinated biphenyl at concentrations up to 5 mM. The major fatty acids are iso-C 16:0 and C 17:1 x8 c. The predominant menaquinone is MK-9(H 6). The polar lipids are PI, DPG, PG, three GPL and an unidentified lipid. The cell sugars are galactose, glucose, mannose, rhamnose, ribose and xylose. F. casuarinae belongs to phylogenetic cluster 1c (Fig. 3) . The G ? C content of the type strain is 70.1 mol and its genome size is 5.3 Mb (Normand et al. 2007) .
The type strain CcI3 T (= DSM 45818 T = CECT 9043 T ) was isolated from Casuarina cunninghamiana (Florida, USA; Zhang et al. 1984 ) and the host plants include Casuarinaceae (except Gymnostoma) and Myricaceae.
As expected for earlier work (Dobritsa 1998 ), strains isolated world-wide from Allocasuarina and Casuarina species belong to the species F. casuarinae based on dDDH and ANI values that range from 94.6 to 95.7% and 99.3 to 99.9% respectively. These include isolates from Australia (KB5, Rosbrook et al. 1989) , India and Senegal (Cg70.9 and CeD, Diem et al. 1982), Brazil and Tunisia (BR and BMG5.23, Ghodhbane-Gtari et al. 2010 ) and several strains from Egypt (CgIM4, CgIS1, CcI156 and CcI6, Mansour and Moussa (2005) ; Allo2 and Thr, Girgis and Schwencke (1993) . The genome sizes of these strains range from 4.9 to 5.6 with G ? C contents of 69.3-70.1 mol% (Ghodhbane- Hurst et al. 2014; Mansour et al. 2014; D'Angelo et al. 2016; Ngom et al. 2016; Pesce et al. 2017 ).
Frankia coriariae Nouioui et al. (2017b)
The name of species refers to the host origin of isolation, Coriaria japonica, of the type strain. Mildly alkaliphilic, and slow growing actinobacterium that forms two unique cell structures: dense mycelium forming brownish colonies and spherical or oval vesicles produced under nitrogen-fixing conditions. No sporangia have been detected. Grows well at 25-30°C and pH 7-9.5. Optimal growth temperature and pH are 28°C and 9.5, respectively. Metabolises acetic acid, acetoacetic acid, citric acid, cellobiose, Dfructose 6-phosphate, glucuronamide, L-lactic acid, methyl pyruvate, p-hydroxyphenylacetic acid, propionate, pyruvate, Tween 40, a-hydroxybutyric acid, aketoglutaric acid and 1% sodium lactate. Tolerates up to 2% (w/v) NaCl. Whole cell hydrolysates contain meso-diaminopimelic acid, galactose, glucose, mannose and a trace of ribose. The polar lipids profile contains PI, PG, DPG, GPL1-3 and unidentified lipids (L1-3). The major fatty acid ([ 30%) and the predominant isoprenolog ([ 30%) are C 18:1 x9c and MK-9(H6) (44.7%) respectively. F. coriariae belongs to cluster 2 (Fig. 3) . The G ? C content of the type strain is 70.1 mol% (Gtari et al. 2015) .
The type strain, BMG5.1 T (= CECT 9032 T = DSM 100624 T ), was isolated from a root nodule of C. japonica (Gtari et al. 2015) and was able to reestablish effective symbiosis with Coriaria spp. and Datisca spp.
Based on 16S rRNA gene similarity (100%), dDDH value (95.6%) and ANI score (99.71%) with BMG5.1 T , strain BMG5.30 is a new member of F. coriariae. This strain was isolated from soil collected in Tunisia using Coriaria myrtifolia in a plant trapping bioassay (Gueddou et al. 2018) . Its genome size is 5.8-Mbp with a G ? C content of 70 mol%.
Frankia elaeagni Nouioui et al. (2016a)
The name of species refers to Elaeagnus, the host plant source of the isolation of the type strain. Forms vegetative hyphae with a septate mycelium differentiated into sporangia and vesicles. The type strain fixes nitrogen and grows well on BAP medium producing a red pigment. Metabolises acetic acid, butyric acid, cellobiose, D-fructose 6-phosphate, D-glucose 6-phosphate, L-lactic acid, b-hydroxybutyric acid, Tween 40, a-ketobutyric acid, propionic acid, tetrazolium blue and tetrazolium violet. The type strain is resistant to lincomycin. The whole cell sugars are galactose, glucose, mannose, rhamnose, ribose and xylose, while the predominant menaquinone is MK-9(H 4). The major fatty acids are iso-C 16:0 , C 16:0 and C 17:1 x8 c and the polar lipids are PI, DPG, GPL1-3, PG and an unidentified lipid (L). The species belongs to phylogenetic cluster 3 (Fig. 3) . The G ? C content of the type strain is 71.7 mol% and its genome size is 7.6 Mb (Nouioui et al. 2013) .
The type strain BMG5.12 T (= DSM 46783 T = CECT 9031 T ) was isolated from Elaeagnus angustifolia (Gafsa, Tunisia; Gtari et al. 2004 ) and the host plant range includes members of Elaeagnaceae and Myricaceae.
Frankia discariae Nouioui et al. (2017d) The species was named for Discaria, the host plant origin of isolation of the type strain. It is a diazotrophic actinobacterium that grows as substrate hyphae, vesicles and multilocular sporangia which appeared in terminally or at intercalary positions on the hyphae. Uses D-cellobiose, D-glucose-6-phosphate, D-fructose-6-phosphate, a-hydroxy-butyric acid, L-lactic acid, citric acid, bromosuccinic acid, fusidic acid, acetic acid, lithium chloride, potassium tellurite and sodium lactate as carbon source and guanidine hydrochloride as nitrogen compound. The type strain is resistant to lincomycin, nalidixic acid, minocycline and vancomycin. Cell walls contain meso-diamino acid, galactose, glucose, mannose, xylose and ribose. The fatty acid profile ([ 5%) is composed of iso-C 16:0 , C 17:1 x8c, C 15:0 , C 17:0 , C 16:0 , C 16:1 x7c C 18:1 x9c and C 18: 0 . The predominant quinone ([ 50%) is MK-9(H4). The polar lipids pattern consists of PI, DPG, PG, GPL1-3 and an unidentified lipid (L). The species belongs to phylogenetic cluster 3 (Fig. 3) . The type strain genome size is 7.89 Mb and its GC content is 72.4% (Wall et al. 2013) .
The type strain BCU110501 T (= DSM 46785 T = CECT 9042 T ) was isolated from a nodule of Discaria trinervis (Chaia 1998) and its host plants include Rhamnaceae and Elaeagnaceae species. Nouioui et al. (2018c) The species name refers to irregular, meaning the inability of the species to infect its original host plant and to infect taxonomically disparate host plants. A diazotrophic actinobacterium that grows as red-pigmented colonies forming the three cell structures: substrate hyphae, multilocular sporangia and vesicles. It is able to oxidise D-cellobiose, a-keto-butyric acid, methyl pyruvate, L-lactic acid, bromo-succinic acid, acetic acid, guanidine hydrochloride; grows in presence of sodium lactate, potassium tellurite. The type strain is resistant to lincomycin, minocycline and vancomycin. Whole cell hydrolysates contain mesodiaminopimelic acid, galactose, glucose, mannose, rhamnose, ribose and xylose. The predominant menaquinones ([ 20%) are MK-9 (H 4 ) and MK-9 (H 6 ) while the major fatty acids ([ 15%) are composed of iso-C 16:0 , C 17:1 x8c and C 15:0 . The polar lipids pattern consists of PI, DPG, PG, GPL1-3, APL and unidentified lipids. The species belongs to phylogenetic cluster 3 (Fig. 3) . The size of the type strain genome is 9.5 Mb and digital DNA G ? C content is 70.9% (Nouioui et al. 2016b) .
Frankia irregularis
The type strain G2 T (= DSM 45899 T = CECT 9038 T ) was isolated from Casuarina equisetifolia (Diem et al. 1982) while the host range includes Elaeeagnaceae, Rhamnaceae and Myricaceae species.
Frankia inefficax Nouioui et al. (2017a)
The species name refers to inefficient, which means the inability of the bacterium to form effective nitrogen-fixing symbiosis with its plant host. Grows as extremely branched substrate hyphae with multilocular sporangia while vesicles are not produced, consistent with its inability to fix nitrogen. Metabolises D-dextrin, D-glucose-6-phosphate, D-fructose-6-phosphate, D-malic acid, citric acid, bromo-succinic acid, glucuronamide and a-ketoglutaric acid. Tolerates fusidic acid, lithium chloride, potassium tellurite, sodium bromate, 1% sodium lactate and niaproof. Guanidine hydrochloride and D-serine are usable nitrogen sources. The cell sugars are galactose, glucose, mannose, ribose, rhamnose and also fucose, which is a diagnostic sugar of this species. The major fatty acids include iso-C 16:0 , C 17:1 x8c and C 15:0 and C 17:0 . The major menaquinones are MK-9(H 6 ) and MK-9(H 4 ) while polar lipids are composed of PI, DPG, two GPL, PG and an unidentified lipid. The species belongs to phylogenetic phylogenetic cluster 4 (Fig. 3) . The GC % content of the type strain is 72.3% and the total size of its genome is 8.82 Mb .
The type strain EuI1c T (= DSM 45817 T = CECT 9037 T ) was isolated from Elaeagnus umbellata ) and forms ineffective nodules on Elaeagnaceae and Morella species.
Frankia asymbiotica Nouioui et al. (2017c)
The naming of the species refers to the asymbiotic lifestyle of the type strain. It is a diazotrophic actinobacterium which grows as branched substrate hyphae, vesicles and multilocular sporangia. Metabolises acetic acid, butyric acid, cellobiose, a-and bhydroxybutyric acid, D-glucose, a-ketobutyric acid, methyl pyruvate, maltose, trehalose, sucrose, turanose, D-mannose, L-rhamnose, D-gluconic acid and propionic acid. The type strain is resistant to troleandomycin, rifamycin SV and aztreonam. Whole cell hydrolysates contain meso-diaminopimelic acid isomers; galactose, glucose, mannose, rhamnose and ribose as sugars. The major menaquinones are MK-9(H 4 ) and MK-9(H 6 ). The polar lipids are composed of PI, PG, DPG, a phosphoglycolipid (PGL) and a phospholipid. Fatty acids include iso-C 16: 0 and C 17: 1 w8c. The species belongs to phylogenetic cluster 4 (Fig. 3) . The DNA G ? C content of the type strain M16386 T genome is 71.8% (Gueddou et al. 2017 ). The type strain M16386 T (= DSM 100626 T = CECT 9040 T ) was isolated from Morella californica located in Westport-Legget, CA (Lechevalier 1986) and is able to fix dinitrogen but unable to nodulate its host plant of origin or any of the tested actinorhizal plant species.
Frankia saprophytica Nouioui et al. (2018b)
The species name refers to the asymbiotic lifestyle of the type strain. Forms branched substrate hyphae and multilocular sporangia. No vesicles are formed, consistent with its inability to fix nitrogen. Metabolises propionate, D-fucose, b-gentiobiose (disaccharide), acetoacetic acid, butyric acid and L-malic acid (organic acids) and D-serine (nitrogen source). Grows in the presence of sodium bromate (salt), tetrazolium blue and tetrazolium violet (redox indicators). The type strain is resistant to rifamycin SV, minocycline, nalidixic acid and potassium tellurite. Whole cell hydrolysates contain meso-diaminopimelic acid, galactose, glucose, mannose, rhamnose and ribose (in traces) as cell wall sugars. The predominant menaquinone is MK-9(H6). The polar lipids profile contains PI, PG, DPG, two PGL, a phospholipid, six uncharacterised glycolipids (GL1-6) and two uncharacterised lipids (L1-2). The major fatty acids are iso-C 16:0 , C 17:1 x8c and C 15:0 . The species belongs to phylogenetic cluster 4 (Fig. 3) . The type strain genome size is 10 Mb with a G ? C content of 71.8 mol% (Ghodhbane-Gtari et al. 2013) .
The type strain is CN3 T (= DSM 105290 T = CECT 9314 T ), isolated from Coriaria nepalensis by Mirza et al. (1994) and is unable to nodulate any actinorhizal plant species tested.
Based on 16S rRNA gene similarity (100%), dDDH value (99.7%) and ANI score (99.9%) with CN T , strain EUN1 h, isolated from soil collected in Tunisia using E. umbellata as a plant trapping assay (Gueddou et al. 2017) , is a member of F. saprophytica.
Conclusion
Polyphasic taxonomy of actinobacteria from the genus Frankia has been hampered for a long time due to persistent problems when using traditional bacteriological techniques . Recently, a polyphasic strategy that incorporates genome to genome data, omniLog Ò phenoarray, morphology, chemotaxonomy and host plant range together, has permitted the description of several species with effective or validly published names. This ''heyday of Frankia taxonomy'' will no doubt continue with further species proposals but also will further incorporation of genome to phenome data for species delineation purposes. The prediction of chemotaxonomic and cultural features is at present being explored through the use of annotated genomes (Riesco et al. 2018; Pujalte et al. 2018 ). This approach may be applied in the future to as yet uncultured spore positive microsymbionts (Torrey 1987) or Candidatus strains such as Candidatus Frankia discarea (Persson et al. 2011) and Candidatus Frankia californiensis (Normand et al. 2017; Nguyen et al. 2016 ) of cluster 2.
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